Objectives-To assess airflow limitation in workers exposed long term to metal dust, the prevalence of pleural plaques in those workers exposed in the past to asbestos, the influence of pleural plaques on lung function, and the possible association with airway disease caused by asbestos. Methods-A cross sectional and longitudinal (seven year) survey of 494 long term (mean (SEM) 21(1) years) workers in a copper refinery was carried out from medical questionnaires, chest radiographs, and forced spirometry. Results-The prevalence of lifetime nonsmokers was 19%/6, current smokers 39%, and ex-smokers 42%. The prevalence of chronic obstructive pulmonary diseases (COPD) (forced expiratory volume in one second (FEV1) < 80%/ predicted) was 5%, small airway dysfunction (SAD) (maximal mid-expiratory flow (MMEF) < 60% predicted) was 7%, and this did not differ from the control population. The COPD and SAD were associated with cumulative smoking index but not with the cumulative work years at the plant or with any type of work at the plant. The mean (SEM) reduction of FEV, was 20(7) ml in non-smokers, 26(4) ml in smokers, and 26(5) ml in exsmokers (P > 0 05). In the smokers and ex-smokers with COPD, the loss of FEV, was 53(10) (P < 0 02). The prevalence of pleural plaques was 11% (P < 0.0001); pleural plaques were found in older workers with known exposure to asbestos. The pleural plaques were circumscribed and associated with a non-significant 196 ml reduction in forced vital capacity (FVC) and non-significant reduction of FVC over time. The pleural plaques were not associated with COPD or SAD. The cumulative smoking index obtained by a technician did not differ from that by a chest physician.
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Conclusions-Despite exposures to
asbestos that produced pleural plaques and exposures to metal dusts and foundry fumes the long term workers of this plant did not have excessive prevalence of COPD or SAD. The data suggest that low level long term exposure to metal dusts, gases, and foundry fumes do not necessarily cause respiratory dysfunction, circumscribed pleural plaques with low grades of width and extent do not reduce FVC significantly, and exposure to asbestos dust that produced pleural plaques does not necessarily produce airway dysfimction.
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Exposures to workplace pollutants such as coal, silica, asbestos, and other mineral dusts, organic dusts, sulphur dioxide (SO2), oxides of nitrogen, along with other gas and fume contaminants have been associated with work related respiratory diseases and disabilities.
In recent years, several reports'-20 have found associations between work in dusty environments and chronic obstructive pulmonary disease (COPD) through community based studies, cross sectional and longitudinal studies, pathology studies, and cohort mortality studies as reviewed by Becklake.' Therefore, industrial air pollutants are suspected of being "may be, but not necessarily, implicated in the genesis of COPD".'
In this paper, we report on a cross sectional and longitudinal (seven years) respiratory survey of a population of 494 long term workers in a copper refinery who were exposed to metal dusts, gases, and foundry fumes for over 20 years on average. The specific questions considered in this study were: (a) the prevalence of COPD and its association with work, the rate of fall in airflow in the workers with or without COPD; (b) the prevalence of pleural plaques, their association with work, their effect on lung function, their association with COPD or small airway disease (SAD); and (c) the correlation between cumulative smoking index obtained by a technician at the plant and that of a consultant in the hospital clinic.
Materials and methods

POPULATION STUDIED AND SURVEY PROCEDURES
The workers studied in this investigation were all employees of a Montreal copper refinery in operation since 1910. The plant had been the site of a few cases of occupational respiratory diseases (one mesothelioma, two pleural effusions, and one asbestosis). In the late 1970s these cases prompted a programme of occupational health and industrial hygiene that permitted the present study. Smokers (n = 194 in total study group, n = 69 in > 50 group); non-smokers = never smokers (n = 94 in total study group, n = 29 in > 50 group); ex-smokers = subjects that stopped smoking for one year before 1991 (n = 206 in total study group and n = 110 in > 50 group).
The plant is a metal refinery that receives its raw materials largely as plates of pure (> 99 3%) copper provided by Canadian smelters or used copper scrap from the recycling companies. The plant purifies the copper to > 99-9% through electrolytic refining of the raw materials, extracting among other residuals, silver, gold, selenium, and palladium on an industrial basis. These residuals are further purified in foundry operations. The metal dusts of copper, silver, selenium, lead, arsenic, and other trace metals and mild acid mists are found in the work environment of the plant. Also, asbestos dust had been a contaminant of the workplace, used in the insulation of the foundry furnaces and related equipment. Asbestos In the total population of the 494 workers surveyed, the prevalence of COPD was 5-26%, 2% in non-smokers, 4-9% in exsmokers, and 7-2% in current smokers (table 2). In the subsets of older workers, the prevalence was higher, reaching 13% in the current smokers of >50. These results were in the range of a local control study and of other north American and European studies.826 '0 The prevalence of COPD was significantly higher in the smokers and exsmokers than in the non-smokers x2 = 3.77, P = 0 05, relative risk = 5-8 (0 8-44). The prevalence of SAD was also studied in the total population of the plant and in the subset of older workers. Table 2 shows the data with the < 75% predicted criterion for the definition of SAD and comparison with the general population of Michigan gathered in the data of Miller et al. 28 The prevalence of SAD is generally low in our workers and significantly lower than in the reference material by Miller et al.28 This is most likely a healthy worker effect as our study included only active workers. Similar findings were obtained with < 60% predicted or 95% confidence interval criteria.
Analysis of airflow dysfunction in relation to smoking index ( airflow limitation of the respiratory system associated with work in dusty departments and disorders related to asbestos. To consider the chronic airflow limitation of the respiratory system associated with work in dusty environments, we had the last 1991 spirometric survey of all workers of the plant for a cross sectional study and the previous 1983-4 and 1986-7 surveys permitted a longitudinal study.
The cross sectional study of the 1991 spirometric data in the population of the refinery documented a prevalence of COPD and SAD in the range of a local control population of hydroelectric line installers25 and in the range of the general population of North America.28 Both studies showed smoking habits comparable with our population in terms of smoking category (current, ex or non-smokers) and pack-years. The airflow dysfunction is clearly associated with the smoking history of the workers as determined by the cumulative smoking index and the relative risk of COPD in the smokers was found to be 5-8 times that of non-smokers. Furthermore, within the subsets of smokers and ex-smokers, those with airflow dysfunction had significantly higher smoking indices.
The loss of lung function (longitudinal study), however, was not significantly associated with smoking, but with an original airflow dysfunction (table 3) . This observation was not surprising, as it is well known that only a subset of smokers rapidly lose their lung function. [31] [32] [33] Analyses of the time spent at work in the refinery and of the occupations on the worksite in relation to airflow dysfunction did not show any significant contribution of refinery, work years, or job type. This is in line with a prospective mortality study where the overall standardized mortality ratio (SMR) for copper refinery workers was 097 without an excess of deaths from respiratory diseases.34 Furthermore, we are not aware of any previous study that documented excess airflow dysfunction in copper refinery workers, but we recognise that copper smelting operations may have contributed to excessive airway dysfunction in several studies8 35 36 but not in all. 37 Thus for the population of this copper refinery, both the longitudinal and cross sectional studies did not show excessive prevalence of airflow dysfunction and excessive loss of lung function over time. Given that the workers of this plant were usually not exposed to dusts above the TLVs, we suggest that the current TLVs in the plant are safe and the enforcement of TLVs effectively prevented the development of chronic airflow limitation of the respiratory system associated with work in a dusty environment.
Our data are not inconsistent with the general concept proposed by Becklake on the relation of chronic airflow limitation to work in dusty occupations.'2 Our data document that long term work in the dusty environment of a copper refinery, within the TLVs, does not cause excessive prevalence of chronic airflow dysfunction. It is therefore compatible with the statement of Becklake that occupational exposures "may be, but not necessarily, implicated in the genesis of COPD". ' For asbestos related disorders, we are aware of one case of mesothelioma in this copper refinery. One man was also exposed to asbestos in an oil and gas refinery before he joined the copper refinery. On the surveys of chest radiographs of 1991, we found eight cases in the 1/0 and four cases in the ) 1/1 ILO categories suggestive of asbestosis38 39 and one case of asbestos pleuresy, which triggered the present work.
The prevalence of pleural plaques was 1 1 % for the total population and 21% for the > 50 group. These values are clearly above those of the general population (usually < 3%%40) but in the range of populations of workers with known exposure to asbestos in industry. 4' 46 Given the past use of asbestos for insulation of furnaces and pipes in the refinery, the prevalence of pleural plaques in our population is not unexpected. The pleural plaques were found mainly in the older workers, a reflection of past exposure and the time delay between exposure and recognition of plaques. The job definition of each worker did not differentiate the cases with pleural plaques from those without (table 5) . Thus the excess of pleural plaques in the workers of this refinery is clear. It is present among the older workers and probably related to the past exposure to asbestos at the plant, although analysis based on work history did not confirm the relation.
The circumscribed pleural plaques of low grade width or extent in our workers have no significant influence on FVC, FEV1, or MMEF; FVC being mainly influenced by body mass and smoking whereas FEV, and MMEF were mainly affected by smoking history (table 6) . Overall, the presence of circumscribed pleural plaques was associated with a non-significant reduction of < 200 ml FVC, with a normal slope of FVC decline over time (table 7) . Our report is of particular interest on the functional effects of circumscribed pleural plaques, as several previous reports41 46 have suggested a restrictive effect on lung function of pleural plaques (recently reviewed43). These studies were on populations of subjects heavily exposed (insulators, pipe fitters, sheet metal workers, etc) with a higher prevalence of pleural plaques, and the results were in part affected by associated interstitial lung disease in some cases. In one study, when the confounding effect of interstitial lung disease was excluded, reduction of FVC was only 4% of FVC (as in this study).42 In another study the effect of pleural disease related to asbestos had a detrimental effect on lung function, most pronounced in subjects with blunting of the costophrenic angle, a marker of diffuse pleural fibrosis. 43 In our study in all but two cases interstitial lung disease was excluded by the ILO reading of the chest radiograph and complementary clinical investigation,39 which included detailed physical examination, complete lung function tests, and thin section computed tomography (CT). Our investigation further establishes that isolated circumscribed pleural plaques with low grade width or extent are associated with a non-significant 196 ml reduction of FVC (2-4% predicted FVC) and a normal slope of decline of FVC over seven years.
Considering the question of a possible relation between exposure to asbestos and airflow dysfumction,47 we analysed the relation of presence or absence of pleural plaques and COPD or SAD and found no significant association. The data therefore indicate that the relatively low exposure to asbestos of our subjects with isolated circumscribed pleural plaques did not cause airflow dysfunction.
In conclusion, the data of this study of long term workers of a copper refinery suggest that: (a) low level long term exposure to metal dusts, gases, and fumes do not necessarily cause respiratory dysfunction; (b) isolated circumscribed pleural plaques with low grade width or extent are associated with a nonsignificant 196 ml reduction in FVC with a normal slope of decline of FVC over seven years; and (c) exposure to asbestos dust that produced isolated circumscribed pleural plaques does not necessarily produce airway dysfunction.
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